Abstract Multicentric Castleman's disease (MCD) is lymphoproliferative disorder characterized by systemic inflammatory symptoms such as fever and weight loss. Human herpes virus-8 (HHV-8) is thought to be a causable pathogen in all HIV-positive and some HIV-negative MCD patients. Furthermore, the term idiopathic MCD (iMCD) was recently proposed to represent a group of HIV-negative and HHV-8-negative patients with unknown etiologies. Although the international diagnostic criteria for iMCD require exclusion of infection-related disorders, autoimmune/ autoinflammatory diseases and malignant/lymphoproliferative disorders to make an iMCD diagnosis, the relationships and differences between these disorders and MCD have not yet been clarified. We recently reported the first case of MCD with autoimmune lymphoproliferative syndrome (ALPS). Although ALPS was included in the iMCD exclusion criteria as an autoimmune/autoinflammatory disease according to the international diagnostic criteria, there is a lack of evidence on the association between MCD and ALPS. In this study, we review the recent understanding of MCD and discuss the possible association between MCD with ALPS.
Introduction Multicentric Castleman's disease Dr. Benjamin Castleman first reported Castleman's disease (CD) in 1956 as unicentric lymphadenopathy with hyperplastic lymphoid tissue and hyalinized germinal centers. 1 This type of CD is now referred to as unicentric Castleman's disease (UCD) according to the number of affected lymph nodes. Patients with UCD are asymptomatic if a solitary lymph node does not present the mass effect and are cured by complete resection. In contrast, cases of more than one affected lymph nodes with Castleman-like features were reported in HIVpositive patients after the acquired immunodeficiency syndrome was reported, 2, 3 and these cases are referred to as multicentric Castleman's disease (MCD). 4, 5 The clinical characteristics of MCD are systemic inflammatory symptoms such as fever, weight loss, night sweats, edema, ascites, pleural effusion, and splenomegaly.
In CD, three histopathological features, hyaline vascular (HV), plasma cell (PC), and mixed types, have been described. HV type is characterized by involuted germinal centers and expanded mantles formed of small lymphocytes in a laminated ''onion skinning'' array with penetrating hyalinized vessels. The characteristics of PC type are follicular hyperplasia with marked interfollicular plasmacytosis with hyperplastic germinal centers. The mixed type has characteristics of both HV and PC. 4, 5 The typical histopathological features of UCD and MCD are HV and PC types, respectively.
With the emergence of the HIV pandemic, human herpes virus-8 (HHV-8) was reported to be causally linked to the etiology of HIV-positive MCD. 6, 7 As a result, HHV-8 is now the well-established cause of MCD. 8 To determine the number of affected lymph node stations, [F]-fludeoxyglucose positron emission tomography is helpful, and the intensity of [F]-fludeoxyglucose uptake has been reported to be able to distinguish MCD from lymphoma. 9 In MCD, replication and viraldependent hypercytokinemia are considered to be responsible for the clinicopathological findings of MCD, regardless of HIV infection. 7, 8, 10, 11 Interleukin (IL)-6 has been demonstrated to be expressed within the germinal centers of involved lymph nodes. 6 HHV-8 is replicated in germinal centers, and infiltrating plasma blasts expressing viral IL-6, and induces endogenous human IL-6 in HHV-8-positive MCD. 12, 13 Some reports have shown cytogenetic abnormalities or prevalent gene polymorphisms that involve the lL-6 or lL-6 receptor genes, 14 indicating a significant role of IL-6 in the pathogenesis of MCD. However, the etiology of MCD needs more exploration, because MCD patients with low serum IL-6 levels and who did not respond to anti-IL-6 therapy have been reported. Some other mediators, such as vascular endothelial growth factor (VEGF), IL-1, and tumor necrosis factora, may be involved in the pathogenesis of MCD.
9,15
Idiopathic MCD MCD is a heterogeneous disorder, and there is a considerable number of MCD patients without HHV-8 or HIV infection. That there are no standard diagnostic criteria for MCD makes it difficult for us to make an accurate MCD diagnosis. To resolve this problem, the international evidence-based consensus diagnostic criteria for HHV-8-negative MCD have recently been proposed ( Table 1) . 16 The term idiopathic MCD (iMCD) was proposed for HHV-8-negative patients who met these diagnostic criteria. 16 The clinical characteristics of patients with iMCD are not different from those with MCD, and hypercytokinemia such as elevated level of IL-6 is considered to play a pivotal role in the pathogenesis of iMCD as well as MCD with specific etiologies. In iMCD patients, as well as those with MCD, although histopathological features were previously considered to be PC type, recent studies have reported 17-49% HV, 46-77% PC, and 4-20% mixed types among HIV-negative MCD cases. 9 However, the significance of these histopathological types is not clear because transitions between HV and PC types on subsequent biopsies, as well as the simultaneous presence of both types within the same patient, have been reported. According to the international diagnostic criteria for iMCD, infection-related disorders, autoimmune/autoinflammatory diseases, and malignant/lymphoproliferative disorders must be excluded when diagnosing iMCD. However, the relationship and/or difference between these disorders and MCD have not yet been clarified. For example, because almost all enlarged lymph nodes of rheumatoid arthritis (RA) have been reported to present histopathological findings which are consistent with MCD, MCD-like features in patients with RA must be RA-related. 9 However, because the associations between MCD and all related disorders that are mentioned in the exclusion criteria have not been clarified, further studies are necessary to compare iMCD against related disorders in detail.
Autoimmune lymphoproliferative syndrome Autoimmune lymphoproliferative syndrome (ALPS) is a rare nonmalignant lymphoproliferative disorder associated with increased CD3+TCRab+CD4-CD8-double-negative T (DNT) cells and disorder of impaired lymphocyte apoptosis associated with defects in the FAS signaling cascade. 17, 18 The diagnostic criteria for ALPS were created by consensus in 1999 by investigators at the National Institutes of Health and revised in 2010 by a group of international investigators. Table 2 is a summary of the latest diagnostic criteria for ALPS. 19 The clinical presentations of ALPS with lymphadenopathy, splenomegaly, and autoimmune cytopenias are caused by unregulated lymphocyte proliferation due to impaired T cell apoptosis. 17 Increase in DNT cells and a functional defect of T cells by an in vitro FAS-induced apoptosis test are necessary to diagnose ALPS. 20 In addition, an increase in DNT cells is a characteristic feature of ALPS. Lymphocyte apoptosis plays an important role for sustaining lymphocyte homeostasis, peripheral immune tolerance, and preventing autoimmunity and is triggered by activation of the cell surface receptor Fas (CD95/APO-1). 21 Our case of MCD with impaired lymphocyte apoptosis We recently reported the first case of iMCD with impaired T cell apoptosis. 22 The patient was a 37-yearold woman who presented with fatigue, dyspnea, and a slight fever. Chest radiographs and computed tomography revealed diffuse ground-glass opacities, small nodules in both lung fields, as well as both hilar and mediastinal lymphadenopathy. Histopathological findings of the lung and mediastinal lymph node biopsy showed infiltration of polyclonal and PCs, which were consistent with PC-type MCD. In addition, both plasma IL-6 and VEGF levels were elevated. A diagnosis of MCD was therefore made. According to the international diagnostic criteria of iMCD, both major histopathological criteria and seven minor criteria, including two clinical criteria (erythrocyte sedimentation rate; 76 mm/h, hemoglobin; 9.1 g/dL, platelet count; 637 k/mL, albumin; 2.0 g/dL, immunoglobulin G; 4,968 mg/dL, splenomegaly, and lymphocytic interstitial pneumonitis), were met. These results suggest that our patient had iMCD. On the contrary, the percentage of DNT cells (4.9% of total T cells) exceeded the criteria for ALPS, and FASinduced apoptosis of lymphocytes was also impaired. We have provided laboratory cutoff thresholds as guidance, but we recognize that some laboratories have slightly different ranges. We suggest that you use the upper and lower ranges from your particular laboratory to determine if a patient meets a particular laboratory Minor Criterion. b Evaluation of CRP is mandatory and tracking CRP levels is highly recommended, but ESR will be accepted if CRP is not available. c POEMS is considered to be a disease ''associated'' with CD. Because the monoclonal plasma cells are believed to drive the cytokine storm, we do not consider it iMCD, but rather ''POEMS-associated MCD.'' B2M, b-2-microglobulin; CMV, cytomegalovirus; CRP, C-reactive protein; CTCAE, common terminology for adverse events; EBV, Epstein-Barr virus; eGFR, estimated glomerular filtration rate; ESR, erythrocyte sedimentation rate; FDC, follicular dendritic cell; GC, germinal center; IHC, immunohistochemistry; LANA-1, latency-associated nuclear antigen; LDH, lactate dehydrogenase; MCD, multicentric Castleman's disease; POEMS, polyneuropathy, organomegaly, endocrinopathy, M-protein, and skin changes; TAFRO, thrombocytopenia, anasarca, myelofibrosis, renal dysfunction, and organomegaly; HHV-8, human herpes virus-8; iMCD, idiopathic MCD; CD, Castleman's disease; IL, interleukin; VEGF, vascular endothelial growth factor.
The diagnostic criteria for ALPS require a mutation in FAS, FASLG, or CASP10, or lymphocyte apoptosis in two separate assays. However, no mutation was detected in the current case, and we performed just one assay to show the impairment of FAS-induced lymphocyte apoptosis. After careful evaluation of the clinicopathological findings, we determined that our patient had ALPS. In fact, it was reported that genetic defects are not undefined in some patients with ALPS. 17 To the best of our knowledge, our case is the sole published report describing the possible relationship between ALPS and MCD.
Multicentric Castleman's disease and ALPS
To date, the relationship between ALPS and MCD has not been clarified. However, in FAS/FAS liganddeficient lpr and gld mice, DNT cells accumulate and lymphoproliferation with massive and systemic enlargement of lymph nodes can be found. 23 The findings mimic those of the enlargement of lymph nodes in MCD. In addition, HHV-8 infection is reported to increase functional Bcl-2 homolog and mimic the activity of the antiapoptotic (Bcl)-2 family of proteins, which function to inhibit the release of cytochrome c from mitochondria, thereby blocking the initiation of apoptosis in HHV-8-related MCD. 24, 25 These results suggest that impaired lymphocyte apoptosis is related to MCD and can cause ALPS-like features. Although there are few studies discussing the contribution of apoptosis in the etiology of MCD, lymphocyte apoptosis may play a pivotal role on the pathogenesis of MCD and ALPS. However, we have to consider the association between MCD with ALPS carefully. ALPS has been included as an exclusion criterion in the recent international diagnostic criteria for iMCD, meaning that MCD-like features can be seen in patients with ALPS. 16 Although ALPS must include a heterogeneous population because it is a syndrome, there is no report showing the association of MCS with ALPS except ours. In addition, gene mutations that are present in some ALPS patients, such as FAS, were not identified in our case, although an underlying certain genetic background is considered to be a possible cause of iMCD. Further studies are necessary to define the association between ALPS and MCD. In addition, DNT cell analysis should be included in the diagnostic criteria for MCD.
Conclusion
MCD is a heterogeneous lymphoproliferative disorder whose precise etiology has not yet been clarified in detail. Further studies are necessary to understand the pathophysiology of MCD and clarify the precise association between ALPS and MCD.
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